Conclusion

Expected Trends of Future Research
Some of the more obvious directions in which work in the future may be fruitfully pursued are presented here.
First of all, measurements of W have so far been carried out with a limited variety of particles, e.g., electrons, protons, alpha particles and some heavy ions at selected kinetic energies. Extensive mapping of the energy dependence of W is highly desirable both for basic understanding and for application. For instance, accurate dosimetry for therapeutic neutron beams requires that W values for protons and other major recoil ions be known over wide ranges of kinetic energy. The uncertainty in this dosimetry must be 2 percent or less (Broerse, 1976) . The average uncertainty of W, therefore, should be no more than about 1 percent. This uncertainty has been achieved in only a few isolated cases.
Further, W values for more exotic particles such as very heavy atomic ions, pions, muons, and other mesons have been little studied. The need for reliable dosimetry and hence for good W values is likely to increase in view of the therapeutic and other applications that are now beginning to be explored.
Second, detailed comparison of theory with experiment has been possible only in a few exceptional instances. Most frequently, theory has dealt with electrons in pure gases-a case that is certainly the most fundamental but one that is difficult from the point of view of accurate measurements. More effort must be devoted to theory for other incident particles and to gas mixtures, i.e., cases that are more easily amenable to experimental scrutiny. At the same time, more effort, and perhaps new imaginative ideas in experiment, are desirable for W-value determination for electrons over a wide range of kinetic energy, especially below a few keV.
Third, the variation of the W value with gas conditions for a particular incident particle must be thoroughly investigated. The past studies on the variation with the composition of gas mixtures have been most rewarding in bringing out a great deal of physics and chemistry related to excited species, as in the celebrated Jesse effect. The possibility of a similar effect from a molecular precursor (as opposed to an atomic precursor) has been observed by Strickler (1963) for N 2 , but the effect, in general, has not been explored in detail. The variation of W values with gas pressure has been examined in several examples, but by no means ex-36 haustively. Current theory suggests the presence of pressure dependence even in pure gases, especially in the neighborhood of 1 kPa. Theoretically, the presence of pressure dependence also implies the possibility of temperature dependence, which has been pursued only in a few instances.
Fourth, returning to the energy dependence of W, we point out a question which has not been settled from an experimentalist's point of view. It is commonly believed, largely on theoretical grounds, that W for any charged particle should approach an asymptotic value at sufficiently high kinetic energies. But it is unknown how much difference there is between W values of protons at different energies, e.g., at 10MeVand100 MeV. Actually, few data are available even for protons and alpha particles for energies above 2.5 Me V /u.
New Applications
The W-value research has so far been motivated primarily by the well-known needs in dosimetry and other radiological problems. But the interest in W values is now extending to many other contexts, as sketched below.
First, theory of W values is currently pursued from a more general point of view than the interest in W values themselves. The ionization yield is an example of the yields of numerous primary species produced under irradiation, e.g., excited species, radicals resulting from molecular dissociation, and subexcitation electrons, any of which may be an important precursor of chemical and biological effects. Ions are the most universal and typical of all the primary species. From this point of view, it is safe to say that, unless we can fully account for the ionization yield, we have no hope of confidently predicting the yields of other primary species. In this sense, the theory of W values represents a prototype of an eventually complete theory of the initial phase of radiation chemistry and biology. Moreover, theory of W values is closely related also to chemical aeronomy, i.e., the study of chemical species generated in the atmosphere by the action of the solar and cosmic radiations.
Second, we may note applications of the W-value research to air-pollution problems. The total ionization of gases and its strong dependence on minute contaminants (i.e., the Jesse effect) have been used in certain smoke detectors now commercially available. Further, the detection of methane, which sometimes causes explosions in mines, is being carried out by total-ionization measurements.
Third, another application concerns the design of vacuum ultraviolet lasers. In a gas subjected to ionizing radiations, many excited species are produced, and some of them are excited dimers, e.g., Xe 2 * in a xenon gas.
These dimers are excited states of two xenon atoms which are unbound in their ground states and lie at excitation energies corresponding to vacuum ultraviolet light. If the excited dimers are produced abundantly, then one has a significant population inversion that may lead to laser action. Research on the production and the kinetics of excited dimers in various gases constitutes a ground work for new laser development. Furthermore, W values and Jesse effects can be used to estimate laser efficiency for systems pumped with high energy electron beams. Finally, the W-value study with sodium, potassium,
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and other alkali vapors may be pertinent to new energy-generation technologies. For example, in some liquid-sodium breeder reactors there are gas volumes in contact with liquid sodium. These gas volumes must contain sodium vapors and are subjected to various radiations. The ionization in the gas volumes may have significant consequences in the reactor design and the radiation monitoring. Finally, in some magnetohydrodynamic power generators, potassium or cesium vapors are introduced as seeds for ionization. Owing to the low ionization potential, these alkali metals undergo appreciable thermal ionization at temperatures of a few thousand degrees. It is true that thermal ionization is different from ionization by radiation but the mechanism of thermal ionization is likely to include the same excited species as those produced by radiation; therefore, W-value studies of alkali metal vapors may contribute to the understanding of thermal ionization kinetics.
